Photoperiod differentially regulates gene expression rhythms in the rostral and caudal SCN  by Hazlerigg, David G. et al.
Magazine 
R449 
Photoperiod 
differentially 
regulates gene 
expression 
rhythms in the 
rostral and caudal 
SCN 
David G. Hazlerigg1, 
Francis J.P. Ebling2, and 
Jonathan D. Johnston1 
At temperate latitudes, organisms 
use annual changes in daylength 
(photoperiod) to synchronise 
seasonal physiology and 
behaviour. In mammals, 
photoperiodic responses depend 
on a master neural circadian 
pacemaker in the hypothalamic 
suprachiasmatic nuclei (SCN) [1]. 
Because circadian rhythm 
generation depends upon the 
rhythmic RNA expression of a 
small group of canonical clock 
genes [2], it is possible to study 
the effects of light on oscillations 
within the SCN by in situ 
hybridisation histochemistry. In 
this way, desynchronisation of 
SCN sub-regions has been 
demonstrated following ‘splitting’ 
of circadian behaviour patterns 
by constant light exposure, 
exposure to short period (22 hr) 
light–dark cycles and lighting 
manipulations that model jet lag 
[3–5]. Here, we report marked 
regional differences in gene 
expression rhythms along the 
rostro-caudal axis of the SCN 
after acclimation to photoperiods 
mimicking the seasonal variation 
in daylength occurring at 
temperate latitudes. 
We first acclimated groups of 
Siberian hamsters (Phodopus 
sungorus) to either long (16 hr 
light:8 hr dark) or short (8 hr 
light:16 hr dark) photoperiods (LP 
and SP, respectively), and verified 
their adaptation to these 
photoperiods by assay of pineal 
melatonin synthesis (see Figure S1 
in Supplemental Data). We 
collected brain tissue at 2 hr 
sampling intervals, cut coronal 
sections and assayed the RNA 
expression of three circadian 
O
pt
ica
l d
en
sit
y 
0.8 
1.0 
LP 
Caudal SCN 
Rostral SCN 
0.8 
1.0 
SP 
Caudal SCN 
Rostral SCN per2 
0.6 0.6 
0.4 0.4 
0.2 0.2 
0 
0.0 
4 8 12 16 20 24 0 
0.0 
4 8 12 16 20 24 
0.8 0.8 
rev-erbα 
0.6 0.6 
0.4	 0.4 
0.2	 0.2 
0.0	 0.0 
0 4 8 12 16 20 24 0 4 8 12 16 20 24 
1.6	 1.6 
dbp 
1.2	 1.2 
0.8	 0.8 
0.4	 0.4 
0.0	 0.0 
0 4 8 12 16 20 24 0 4 8 12 16 20 24 
2.0	 2.0 
avp 
1.5	 1.5 
1.0	 1.0 
0.5	 0.5 
0.0	 0.0 
0 4 8 12 16 20 24 0 4 8 12 16 20 24 
External time	 Current Biology 
Figure 1. Photoperiod-dependent effects on rostro-caudal patterning of clock­

controlled gene expression in the hamster SCN. 

Data are optical density measurements (OD, mean ± SEM of 4 animals per time point) for

expression in rostral and caudal SCN. Lines show waveforms of cosine series fits gener­

ated by non-linear regression as described in Supplemental Experimental Procedures.

clock-related genes: per2, rev-erbα two terms of a cosine series to 
and dbp. In our analysis, estimate the effect of 
vasopressin precursor (avp) gene photoperiod on the timing of 
expression in adjacent brain peak expression in these two 
regions was used as a criterion for regions (Supplemental 
distinguishing between tissue Experimental Procedures). Under 
sections containing rostral or SP, maximum RNA expression 
caudal SCN subregions, as occurred approximately 
described (Supplemental synchronously in the two regions 
Experimental Procedures and — with peak expression relative 
Figure S2). to midday differing for each gene 
Rhythmic expression of per2, (Figure 1 and Table S1). Under 
rev-erbα and dbp was LP, the caudal peak of 
photoperiod-dependent in both expression of all three genes 
the rostral and caudal SCN advanced, while no effect or a 
(p<0.01 for photoperiod x time slight delay in expression 
interaction by two-way ANOVA; occurred in the rostral SCN. This 
Figure 1), so we fitted the first differential photoperiodic 
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Figure 2. Earlier morning 
induction of per2 express­
ion in the SCN of LP­
acclimated hamsters is not 
an acute light response. 
(A) Schematic representa­
tion of the light-treatment 
for the DD group compared 
to LP controls (solid bars, 
darkness, open bars, lights 
on). (B) OD measurements 
— mean ± SEM of N = 4  
animals per time point — of 
per2 expression levels in 
the rostral and caudal SCN 
of LP and DD animals 
sampled as shown in (A). 
Tha asterisks above the 
white bars indicate expres­
sion significantly lower than 
in corresponding caudal 
SCN sections, and in tissue 
collected at ExT 17 / DD 
equivalent, p < 0.01. 
responsiveness in the two 
regions meant that, under LP, 
peak expression of these three 
genes in the caudal SCN 
preceded that in the rostral SCN 
by 6–10 hr (p<0.01 in all cases). 
Interestingly, although avp 
temporal expression patterns were 
similar to those for the other genes 
under SP, under LP there was no 
clear rostro-caudal dissociation of 
the timing of peak expression, with 
RNA levels in both regions rising 
earlier relative to midday than 
under SP. This difference may 
reflect the high sensitivity of avp to 
cAMP-response element­
mediated transactivation [6] (this 
does not seem to be true of the 
other genes we have assayed [7]). 
The pre-dawn rise in rev-erbα
expression implies that earlier 
gene expression in the caudal 
SCN under LP does not require 
light stimulation in each daily 
cycle. To test whether this might 
also apply for per2, we held LP­
acclimated animals in constant 
darkness (DD) from the final 
light–dark transition on the 
penultimate day of the 
experiment. In tissue collected 
11 hr later, corresponding to 
ExT 7 the following morning 
(Figure 2), we found a similar 
pattern of gene expression to that 
observed under LP at ExT 7, with 
per2 levels about two-fold higher 
in caudal than rostral SCN 
Current Biology 
(p<0.01). This difference did not 
persist in tissue collected 21 hr 
after the onset of DD 
(corresponding to ExT 17), when, 
as in the earlier experiment, levels 
in both rostral and caudal regions 
were higher than corresponding 
ExT 7 (or DD equivalent) rostral 
values (p<0.01 in all cases). As we 
did not define times of peak 
expression under DD or LP, we 
cannot say definitively that LP 
causes persistent phase­
dissociation of rostral and caudal 
oscillators, but our data are 
consistent with the possibility. 
Our data are consistent with 
photoperiod-dependent 
organisation of phase variation in 
a rostro-caudal plane in the 
Siberian hamster SCN: large 
phase changes occurring in 
caudal regions and relatively 
minor effects occurring rostrally. 
Interestingly, similar asymmetry is 
seen in the electrical activity of 
horizontal SCN slices in another 
seasonal rodent, the Syrian 
hamster ([8], but see [9] for mice 
and rats): LP exposure produces a 
clear advance in onset of a 
morning peak of electrical activity, 
but has little effect on a distinct 
evening peak. These data support 
the view that structural 
heterogeneity in the response of 
the SCN to day-length underlies 
calendar function in seasonal 
mammals [10]. 
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